The results of 58 patients who left hospital having been paced by the Birmingham (Lucas) system are described. This system is asynchronous and has an external generator. Reversion to sinus rhythm or lesser degrees of heart block was seen in many patients. Nevertheless, pacemaker dependence was present at least some of the time in .54 per cent of patients. This dependence was related to Adams-Stokes attacks sustained after pacemaker insertion but was not related to death. Parasystole occurred in I8 patients, of whom .5 are dead. There appears to be no relation between parasystole and death. Coil separation measurements were made at pacemaker insertion and at review. When reviewed after discharge from hospital, effective pacing required a closer approximation of the coils than was needed at insertion of the system, but such measurement was of no value in predicting future pacemaker failure. I) A system using external controls and leads from them exposes the patient to an increased risk of Adams-Stokes attacks after pacemaking. This disadvantage must be offset against the lesser need for reoperation than with totally implanted units. 2) Parasystole in patients with chronic heart block who have left hospital after pacemaker insertion is not as dangerous as previously considered.
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Use of the Birmingham (Lucas) type inductive pacemaker for the treatment of chronic heart block was first described by Abrams, Hudson, and Lightwood (I960) . Its merits and disadvantages as compared with the more widely used totally implanted systems have been discussed by Pilcher and Healy (I97I) .
Unlike totally implanted systems the generator is external. This difference allows the study of pacemaker dependence. The paper describes the results of follow-up of patients leaving hospital having been paced by the Lucas system, particular attention having been paid to pacemaker dependence, parasystole, and death.
Description of unit
Current is produced from an external generator powered by a U2 torch battery. This generator has two power settings and is normally always used on low power. The lead to the primary (external) coil is connected to the generator by a push-pull fit. The external coil overlies the subcutaneously implanted secondary (internal) coil, energy being induced across the intact skin. InReceived i6 February I972.
ternal coils are of two types: either they are provided with two electrodes (for epicardial implantation) or with two short leads (for catheter connexion).
Pulse width delivered by the system is one millisecond, but this can be altered by changing the number of turns in the external coil. Voltage wave-form is in the shape of a biphasic sine wave. Delivered voltage is determined by two factors: the position of the low-high power switch on the generator and the lateral or vertical separation of the two coils. At one centimetre coil separation and on low power, peak voltage delivered into a i8o Ohm load is approximately 8 volts. This voltage is doubled on high power. The system is asynchronous on either power.
Patients and methods There were 58 patients who were seen by us between I968 and I97I. Of these, 27 were women and 3I were men whose mean age was 66-2 years at pacemaker insertion (range 34 to 86). Of these patients, 26 were paced by thoracotomy and epicardial wires. Thirty-four patients have been given endocardial catheter systems, this figure including 2 patients in whom the original epicardial pacemaker failed. Patients with endocardial systems had a record made at operation months (range 3-59) and dead patients I8-7 months (range 2-57). Of the 13 dead patients, 9 died at home, 7 deaths being sudden and 2 from unrelated causes. Pacemaker units were returned for 6 of these patients. In 5 the external unit worn at death was functioning normally, but in one it had failed (open-circuit). Four patients died in hospital. These deaths were caused by exit block proceeding to asystole once, wire fracture once, congestive cardiac failure once, and probable internal unit failure (exact nature unknown) in the remaining patient.
'Blackouts' since insertion Eighteen patients stated that they had had further blackouts since pacemaker insertion. It is assumed that these were Adams-Stokes in type since all i8 had sustained such attacks before being paced. In 6 patients these 'blackouts' were caused by internal unit failure and reoperation was required. In the remaining I2 the fault was in the external equipment, the commonest cause being breakage or displacement of the lead connecting the external coil to the pulse generator. In general these 'external' blackouts occurred within the first 3 months after patients had left hospital.
Testing of equipment: (a) pacemaker dependence This has been classed as complete if asystole was observed on each occasion tested, variable if this was observed on some occasions but not others, and non-dependent if never seen. Dependence has then been compared both with Adams-Stokes attacks sustained since pacemaker insertion and with subsequent death (Tables i and 2 ). There is a significant relation between pacemaker dependence (complete andvariable) and subsequent Adams-Stokes attacks (P <o oI). 
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There is no relation between pacemaker dependence and subsequent death (P > o so). Finally, heart rhythm at pacemaker insertion has been compared with that at review (Table   3) . Unfortunately comparison is complicated by the possibility that original indications for pacemaker insertion were not the same between authors. In particular it seems likely that fewer patients of Furman et al. had sustained Adams-Stokes attacks before pacemaker insertion than had those of this series. This is shown by comparison of reoperation figures. In this series 7 patients required reoperation and attacks were sustained by 6. In the other series reoperation for established pacemaker failure was required by no fewer than 52 patients though attacks were sustained by a mere i6. Nevertheless, it seems that an increased incidence of Adams-Stokes attacks after pacing is a hazard of a system using external controls. This disadvantage must be offset against the lesser need for reoperation.
Though pacemaker dependence was associated with Adams-Stokes attacks it was not associated with survival or death after pacing. It is interesting how variable such pacemaker dependence appeared to be. In no fewer than I4 patients (i.e. 24% of the series) did pacemaker dependence appear to be complete at one visit, only to be found not to be present at another. This difference was not related to the time such patients had been paced. Three other patients, in whom pacemaker dependence was never observed, sustained AdamsStokes attacks.
Measurement of pacemaker dependence has confirmed the frequency with which patients "with heart block revert either to sinus rhythm or to lesser degrees of block after being paced. This reversion of paced patients to sinus rhythm or to lesser degrees of block is one of the problems of long-term pacemaking. To discontinue pacing because of reversion to a rhythm that appears to provide an adequate ventricular rate is not safe. Such patients must continue to be paced. However, these patients then become at risk from competition between their own and their artificial pacemaker. This has been thought to be dangerous because of electrical impulses falling into the vulnerable period of diastole (Sowton, I965) .
However, the situation is complex. The current strength required to induce ventricular fibrillation in normal myocardium is about 20 times greater than that required to induce pacemaking (Hoffman and Cranefield, I964) . In general, current strengths required to induce ventricular fibrillation in normal hearts by brief stimuli are beyond the output capabilities of implantable pacemakers. The Lucas pacemaker on low power is no exception. However, it is likely that the myocardium is not normal in patients with heart block, and it is known that many factors can reduce this safety ratio between fibrillation and pacing thresholds. In particular, it is reduced after coronary occlusion (Wiggers, Wegria, and Pinera, I940) .
This concept led to the evolution of the second-generation pacemakers in which competition was avoided by some or other form of sensing device preventing the pacemaker discharging into the vulnerable period. Their use has been strongly advocated by some authors (e.g. Bilitch, I969) for use in all forms of heart block. Unfortunately such pacemakers are not only more expensive but have more circuitry to fail. In the acute heart block of myocardial infarction, in which the safety factor between pacemaking and fibrillation thresholds is low, in which the likely need for pacing is short-term, and in which the external generator and sensing device are external ( These conclusions are given support by patients of this study exhibiting pacemaker dependence. If parasystole were dangerous it might be expected that pacemaker dependence -in which parasystole presumably does not occur -might protect against death. This it manifestly did not do -indeed, pacemaker dependence did not appear to be a factor of any prognostic importance with regard to death or survival. More importantly, extensive long-term follow-up studies are now available on patients paced with asynchronous pacemakers (Chardack et al., i969) and show that the life expectancy of such patients comes close to that of a normal population of similar age. Since a return to sinus rhythm or lesser degree of heart block occurs in a considerable proportion of these patients, a substantial unexpected mortality should now be evident if parasystole were a real hazard -particularly since it has been calculated that during electrical parasystole approximately 3000 stimuli will fall into the vulnerable period over each 24 hours (Sowton, I965) . This unexpected mortality has not been observed.
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